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Information retrieval in large information
databases is a non-deterministic process which
needs a sequence ofsearch steps generally. One of
the main problems to which the end-users are faced
is to parse efficiently their questions into the query
language that the computer systems allow.
Conceptual graphs were initially designed for
natural language analysis and understanding. Due
to their closeness to semantic networks, their
expressiveness is powerful enough to be applied to
knowledge representation and use by computer
systems. This work demonstrates that conceptual
graphs are a suitable means to model the end-users
querieson the basis of the thesaurus and the
semantic network ofthe UMLS project.

1. INTRODUCTION

Information retrieval in large medical
information databases is a non-deterministic process
which needs a sequence of search steps generally.
One of the main problems to whiclh the end-users
are faced is to parse efficiently their intentional
questions in the query language that the computer
systems allow. Several authors propose specific
logics or hypertext-based technologies to assist end-
users in their task [12,101. Other authors propose
the use of an expert system to assist the end-users in
their searches [9]. Another powerful capability
consists in providing users with customisation
facilities [7,8]. The consultation of knowledge in
databases is relevant from anothler process.
Specially, a end-user may consult a knowledge base
not only to capture, but also to discover information.
In this last case, it is not easy, and often impossible,
to define the intention of the end-user a priori. Here
also the hypertext technology applies successfully
[4,2]. Many authors propose methods based on
semantic networks which are commonly used to
express declarative knowledge relevant to concepts
and their relationships, as well as procedural
knowledge that represents the behavioural
properties of the concepts [141.

The National Library of Medicine allows
with the project UMLS a raw material composed of a
thesaurus which transcends the most commonly
used medical nomenclatures and thesacuri, and a
semantic network wlhiclh describes general relation-
ships between classes of concepts. On the basis of

Meta-I and of the semantic network of UMLS, it is
possible to create a lattice of concepts. With this
lattice and the relationships defined between classes
of concepts a end-user is guided to create semantic
networks, represented by conceptual graphs, which
describe his focus on a documentary database or on
a knowledge base, for example. Theoretical
operations on these graphs may be applied to reduce
the intrinsic ambiguity of queries expressed in
natural language which must be translated in the
query language of the system. This work intends to
show how internal conceptual graphs built from an
interactive navigation of a end-user in UMLS can be
exploited to express his queries as naturally as
possible.

2. THE UMLS KNOWLEDGE

The Unified Medical Language System
(uMLs) is a project of the National Library of
Medicine [6]. UMLS has two components which are
a meta-thesaurus, called Meta-1, and a semantic
network. Meta-l contains MeSH, the index thesaurus
of MEDLINE, but also several medical nomenclatures
among the most useful [161. The core concepts of
Meta-l are connected to generic types of concepts in
a semantic network. These types of concepts are
interconnected by semantic relationships [11]. The
current third experimental version of LJMLS (August
1992) allows a homogeneous and more easily
readable data model 117] than the other previous
versions, as noticed in [181.

The data structure of Meta-l is based on
hierarchies and associations. The association
relationship links a given tenn to related terms and
to a preferred term. The (pre)order relationship
structures the preferred terms into more generic
tenrs and more specific terms. This later relation
divides the tlhesaurus into several so-called
microthesauri, accordinig to a local specificity. For
example, the term Coronary Arteriosclerosis
appears twice in Meta-l: firstly as a process
involved in coronary diseases viewed as heart
diseases, secondly as an arteriosclerosis localised
into the coronary arteries and causing arterial
occlusive diseases. The presence of micro-thesauri
translates the various contexts from wlhich a same
medical concept can be viewed anid, thus, the
complexity of the medical domain.
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a. [Coronarographyl->(DIAGNosEs)->[Coronary Arteriosclerosis]

b. [Coronarographyl->(DIAGNosEs)->[{Coronary Arteriosclerosis, Coronary Aneurysm, Coronary Thrombosis}J

c. [Angiocardiographyl->(DIAGNOSES)->[Heart Diseases]
[Coronarographyl->(DIAGNosEs)->[Coronary Diseases]

d. [Coronary Artery Bypassj->(TREATs)->[Coronary Diseases]
[Coronarographyl->(DIAGNosEs)->[Coronary Arteriosclerosis]
[Coronarographyl->(DIAGNosEs)->[Coronary Arteriosclerosisl<-(TREATs)<-[Coronary Artery Bypass]

Figure 1: conceptual graphs notations and operations

The semantic network of UMLS associates
types of medical concepts between them with
semantic relationships. The types of concepts are
organised in a hierarchy where, for example,
Physiologic Function and Pathologic Function are
children of Biologic Function, and Disease or
Syndrome is a child of Pathologic Function. There
are about thirty different semantic relationships.
Among them, for instance, DIAGNOSES applies on
the two types Diagnostic Procedure and Pathologic
Function, TREATS applies on Therapeutic or
Preventive Procedure and Pathologic Function.
These semantic relationslhips are defined at a so
general level that is not always possible to map a
type onto the concepts linked to it with an automatic
pertinent inheritance of the meaning that the
relationships convey: it is obvious that every
diagnostic procedure can not be used to diagnose
every pathologic function. Nevertheless, since a
Coronarography is linked to the type Diagnostic
Procedure it can be used to diagnose a Coronary
Arteriosclerosis that is linked to the type Disease or
Syndrome and thus to the type Pathologic Function.

3. CONCEPTUAL GRAPHS

Conceptual graphs were initially designed
for natural language analysis and understanding
[131. Due to their closeness to semantic networks
and first order logic, their expressiveness is
powerful enough to be applied to knowledge
representation 1151 and use [5]. Their many
attractive features have been noted previously by
medical informatics researchers [1,3]. Their
properties include the ability to represent sentences
as partial graphs that define conceptual structures
involving individual terms, to combine partial
graphs to express complex relationships between
concepts, and to allow a standard means to
represent knowledge which can be mapped onto
other representations (e.g. database systems) or
formal systems (e.g. first order logic).

Conceptual graphs are bipartite graphs
involving both concepts and relationships between
them. The fundamental assumption to apply the
conceptual graphs theory is that concepts are
organised in a lattice. Due to this fact, each of the
concepts may have one or more fathers representing
more generic concepts. And, each concept in the
lattice may have one, and more generally, several
children representing more specific (specialised)
concepts. The top and the bottom of the lattice are
nodes which are not involved in graph operations.
On this basis, valid operations can be applied to
derive new graphs from existing ones. In the
following we will adopt a simplified representation
of conceptual graphs elements according to our
current needs. Conceptual graphs involve two kinds
of nodes: conceptual nodes denoted by square
brackets, and conceptual relations denoted by
parentheses. For instance, the sentence "a
coronarography can diagnose a coronary
arteriosclerosis" is parsed by the first graph of
figure l.a. Within a node, braces denote a set of
concepts, separated by commas, which express a
selection constraint. For instance, the conceptual
graph of figure l.b parses that "a coronarography
can be used to diagnose a coronary arteriosclerosis,
aneurysm or thrombosis".

The first valid operation that applies on
conceptual graphs is the specialisation which
consists in the replacement of concepts in a graph
by one of their specialised concepts. In other words,
semantic relationships stated at a general level are
inherited by more specialised levels. For example,
since Coronarography is a kind of Angiocardio-
graphy, the former tenn is a specialisation of the
later, and Coronary Diseases is more specific than
Heart Diseases, the first graph of figure l.c is
specialised by the second one. A second operation
that processes on conceptual graphs is the join
which consists in connecting two graphs on two
concepts, one of them being a specialisation of the
other. For example, the two first conceptual graphs
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of figure l.d can be joined, since Coronary
Arteriosclerosis is a specialisation of Coronary
Diseases, to produce the third graph.

4. INFORMATION RETRIEVAL WITH UMLS

The objective of this work is to assist a user
to express his queries to existing medical
information databases as naturally as possible. To
reach this objective, it is necessary to provide the
users with the tools able to customise their accesses
to the information databases. A part of the
customisation process consists in the capability
allowed by the computer system to present to the
users the terms used to index information in their
semantic environment. The customisation process is
completed by tools that allow users the capability to
exploit this semantics interactively by a navigation
from concepts to other ones in following the
semantic links which connect them. The drawing of
figure 2 schematises our approach. The lower level
is the thesaurus used to index information in a
database. The upper level is the conceptual view
that a user has to the database. The intermediate
level is a semantic network which structures
semantically the general concepts which are
instanciated by specific tenns at the lower level.
The lower level is constituted by Meta-1. The
intermediate level is the semantic network of UMLS.
Conceptual users views on the information
databases are represented by conceptual graphs at
the upper level. These graphs are built with the
elements (types of concepts and semantic
relationships) of the semantic network and the
terms of Meta-l involved by a user after he has
navigated in Meta-l througlh the links allowed by
the semantic network. These graphs are further
combined and refined by the means of graphs
operations.

Since the conceptual graphs theory needs a
lattice of concepts to be applied, the data model of
Meta-l must be enhanced. Meta-l is transformed by
removing the duplicated tenns and linking the
unique remaining term to all its direct ancestors.
Each core concept is linked to one or possibly
several types of concept in the semantic network.
The creation of an artificial top, to which all the
most generic types will be linked, and of an
artificial bottom, to which all the most specific
terms will be linked, transforms Meta-1 and the
types of the semantic network of LJMLS into a lattice.
This is partially illustrated by figure 3, where the
types of concepts are written in capital letters. The
constraint that the concepts must be organised in a
lattice being satisfied, it is now possiblr to apply the
conceptual graph theory.

Conceptual
graphs 2

Semantic '
network /:L

Thesaurus/ i° X /

Figure 2: building conceptual graphs from
a thesaurus and a semantic network
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TOP

BIOLOGICf FUNCTION

PATHOLOGIC FUNCTION

DISEASE OR SYNDROME

Cardiovascular Diseases

Heart Diseases Vascular Diseases

Arterial Occlusive Diseases
oronary Diseases

.1

-/\\- Arteriosclerosis/ \N ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I
Coronary Coronary Coronary
kneurysm Thrombosis Arteriosclerosis

IBO
BOTTOM

Figure 3: a part of the lattice issued from Meta-1
and the types of concepts of UMLS.

Let us consider a end-user who searches
information in a medical information database. He
is looking for coronary diseases, their diagnoses and
treatments. After some interaction, the end-user
selects, for example, the term Coronary
Arteriosclerosis in the thesaurus which allows
access to the database. Automatically, from the
lattice of concepts, the computer system deduces
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a. [Coronarographyl->(DIAGNosEs)->[Coronary Arteriosclerosis]

b. [Coronary Artery Bypassj->(TREATs)->[Coronary Arteriosclerosis]

c. [Coronarographyl->(DIAGNosEs)->[Coronary Arteriosclerosisl<-('REATs)<-[Coronary Artery Bypass]

d. [Coronarographyl->(DIAGNosEs)->[{Coronary Arteriosclerosis, Coronary Aneurysm, Coronary Thrombosis}]

e. [Coronarographyl->(DIAGNosEs)->[Coronary Diseases]

Figure 4. conceptual graphs built by a user's navigation inside a thesaurus and a semantic network.

that this selected concept is a Disease or Syndrome
which is itself a Pathologic Function. The semantic
network includes several relationships applying to
Pathologic Function. Thus, the computer system
displays them to the user together with the other
types of concepts that they connect. Let us suppose
that the end-user selects the relationship DIAGNOSES
and thus the target type Diagnostic Procedure which
is connected to it. Since it is not possible to deduce
automatically from the lot of diagnostic procedures
those which are relevant from the coronary diseases,
the end-user has to select by himself either a
specific procedure (e.g. Coronarograplhy) or a
generic term including a set of relevant procedures
(e.g. Angiocardiography). Let us suppose that the
end-user has selected the term Coronarography. At
this step of the process, the system internally
represents the result of the navigation achieved by
the user with the first conceptual graph 4.a. In a
comparable way, the end-user selects the
relationship TREATS that leads to the type
Therapeutic or Preventive Procedure and theni
selects the term Coronary Artery Bypass. This is
represented by the conceptual graph 4.b. The join of
these two graphs produces the conceptual graph 4.c
which parses the sentence "coronary arteriosclerosis
diagnosed by coronarography and treated by
coronary artery bypass". Thlus, the system provides
a user with a means to build partial graphs step by
step and to join them to represent a complete
sentence. This scenario shows how users views
represented by conceptual grapihs are built at the
upper level of figure 2, after a navigation from
terms to terms in the thesaunis by the means of the
relationships of the semantic network.

Let us consider anotlher scenario. A end-user
has previously defined and stored in the computer
memory a set of conceptual graphs that define his
interest in the domain of coronary diseases. Among
them are the two graphs 4.b and 4.d. Let remark
that the diseases names placed betwveen the braces
in 4.d are all coronary diseases according to the
lattice of figure 3. Thus, every time the user asks the

system in terms of coronary diseases, the system
transforms automatically the query in specialising
Coronary Diseases by each of the previously stored
specialisations: the conceptual graph 4.e is
specialised into the graph 4.d. If, moreover, the
end-user asks for treatment in the same query, the
join of the later graph with the graph 4.b produces
the conceptual graph 4.c. Other comparable graphs
could be produced with the use of stored graphs
describing the relevant treatments of thromboses
and aneurysms. This scenario shows how partial
graphs are stored after they have been produced as
in the first scenario and are used to describe the
user's interest in the information database. These
graphs will serve to precise the queries that the user
in now able to express more easily than he should
have to explicit the query completely. The
consistency of the query produced by the means of
these graphs is guaranteed by the fact that they are
issued from the knowledge of the system.

5. DISCUSSION AND CONCLUSION

The conceptual model presented in sections 3
and 4 is a suitable means to represent semantically
the result of an interaction with a end-user after he
has navigated from terms to terms in the thesaurus
by the means of the relationships of the semantic
network. The conceptual graph resulting from this
interaction is further parsed into the query language
of the information server according to the precision
of the concepts that it allows. Conceptual graphs are
used to represent users views also and are thus a
suitable tool for query control and assistance since
the valid operations on both end-users dynamically
built graphs and previously stored graphs guarantee
the coherence of the results.

Due to the presence of various points of view
on medical concepts, the structure of a thesaurus is
often complex. Thus, the users need to customise
their accesses to information databases according to
their own views on medical concepts. Section 4 has
demonstrated how the combination of partial

718



conceptual graphs issued from users interactionis
with a thesaurus augmented by a semanitic network
parses the interest of users in a medical iniformiationl
database. However, we must be careftil to not
introduce inconsistency betwveen the customised
knowledge and the system knowledge. Users partial
conceptual graphs are, for the moment, built with
concepts and relationships issued from the semantic
network. In a next future, we will introduce users
concepts described by the means of definition
relationships linking them to concepts already
present in the system knowledge. This capability
will have to be accompanied by a consistency
control between the used definition relationships
and the semantic relationships that link the
concepts in the semantic network.

The project UMLS of the National Library of
Medicine provides a suitable raw material which is
a powerful start point for investigation in the
domain of users interfaces with medical information
databases. It permitted us to experimient successfully
the use of conceptual graphs for searching in large
information databases.
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